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ABSTRACT

An Adaline (adaptive linear neuron) can be trained to distinguish
between sets of inputs. In general, the quantized output is used. This
report investigates the usefulness of the analog output of Adaline for
measuring the frequency of occurrence of a number of different events,
Each event is more or less arbitrarily associated with a pattern and it
is shown that the degree to which Adaline has been trained to recognize
any one of these patterns can be used as a measure of the frequency of
occurrence of the associated event., The application of this use of
Adaline to a random-access file is simulated in order to show its use

in reducing average access time,
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I. INTRODUCTION

The problem to which this report is devoted is believed to occur
frequently in different forms and will first be described in general
terms and then as applied to a specific example, a random-access memory
file. The schematic diagram of Fig, 1 shows this general case. A
finite number of identical events take place repeatedly in a given total
number of events. The number of possible different events is No. The
probabilities of events 1 through No occurring are designated by

Prob through Prob

1 respectively. The total number of events is

N
o

assumed to be 100. These probabilities are not known initially, however,
and are to be determined such that the resulting probabilities Pr1

through Pr represent a recent measurement. In other words, it is

desired to ;grget the distant past in favor of more emphasis on the
recent past. It is believed that Adaline (adaptive linear neuron)
{Ref. 1] can solve this task in the most natural manner. Before going
into "how,"” it is useful to consider the random-access memory application.
As a result of the relative slowness of mechanical mechanisms that
perform one or more of the accessing motions, the access or seek time in
a random-access file depends greatly on the location in the file of the
record to which an access is to be made. The simplest case is that in
which the mechanism returns to a home position after each access, such
that the records nearest the home position have the shortest seek time,
and those farthest away, the longest. It is quite unusual for all records
to have more or less equal activities, i.e.,, equal number of accesses in
a given period of time, In fact, the usual situation is that in which a
large fraction of the total number of accesses is made to a small fraction
of the total number of records., For instance, 80 percent of accesses may
be made to 20 percent of the records. In such a situation it would
obviously be advantageous to place these most active records near the
home position for the shortest possible average seek time. In order to
permit occasional rearranging of the records in the file to obtain this
advantage, it is necessary to determine the probabilities of seeks to
all the records of the file. Figure 2 shows this file-access model in

-1- SEL-63-135
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FIG. 1. GENERAL PROBLEM.

SEL-63-135 -2 -

o

Y s OB <



RECORD NO.: 1 2 3 4 5 6 7 ... No

PROBABILITY OF ACESS TO ABOVE RECORDS: Prob, Prob, ... Prob,
o
12 34 085 67 ... 4
RECORD NO. '
PROCEDURE
" P, Py P,
h
ASSIGN PATTERNS (P1 P, P, P, ves) ..% } »
A d A&
TRAIN ADALINE WITH THE P IN %
NUMBERS PROPORTIONAL TO THE
l’robi
INTERROGATE ADALINE WITH:
PATTERNS— P, P, P, P, P, ...
CONFIDENCE LEVELS— ¢, € ¢ ¢ ¢ ...
1
ADALINE OUTPUT = 1= °1 = Prl l"'!'2 Pra Pr4 Pr5
SORT THE Pr IN DESCENDING ORDER OF MAGNITUDE: Prg > Pr, > Pr, > Pr,
see l’z"j
SEEK TIMES FOR POSITIONS 1 TO N : S, S, 858, ... §, ...

FORM PRODUCTS: S, x Prob

1 6,Sle’robz.saxl’mb o sixProb

4 y e

1=l°

AVERAGE SEEK TIME -% E (s, - Prob,)
121

FIG. 2. MODEL OF FILE.
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schematic form, The first line of Fig. 2 simply shows the record numbers,
later to be limited to 10. Next, Probi is the actual probability of an ‘
access to the ith record, In order to bring Adaline into the picture,
a pattern is assigned to or generated from each record and this pattern
is compatible in form and dimension with the number of inputs to Adaline.
(A brief review of the operation and function of Adaline is contained in
the next chapter.)

In the experiments that follow, the number of inputs to Adaline are
taken as 32 and the signal levels as +1 or -1. Whenever an access is
made to one of the records in the file, the corresponding assigned pat-
tern is presented to Adaline and an adaption is performed. Thus Adaline
is trained to recognize these patterns more or less reliably depending
on how many accesses to this record (pattern) have been made recently.
The term "recently" is used because Adaline has the ability to forget
gradually those patterns that are inactive or of low activity. Whenever
an opportunity arises, because of a break in the activity of the file as ’
a whole, the record probabilities are determined by interrogating Adaline
with all the patterns that have been assigned to records. Only the analog
output is required and the probability of access is presumed to be meas-
ured by the reciprocal of 1 - |confidence levell, Since the confidence
level is close to 1 after many adaptions, this measure seems reasonable. !
The records are then sorted into a sequence having descending probabili-
ties of access. The record with the highest probability is thus located
nearest the home position; and the lowest, farthest away. This process
is repeated periodically to keep the file up to date with respect to
changes in the probability function. Provided enough time is available
to rearrange the records more or less continually, the file may be main-
tained at or near optimum average seek time. (This rearrangement may be
performed by having one or more spare tracks on which the records would

be rewritten before placing them in their new locations.)

e by Ao s s

It is evident that the more nearly the order of the probabilities N
Pri corresponds to the order of the actual probabilities Probi, the
more effectively will the average seek time approach the best-obtainable .

average seek time, How well this goal can be reached is investigated

SEL-63-135% -4 -



here in a number of experiments with simulated Adalines and simulated

file operations.
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11, ADALINE OPERATION

This chapter presents a brief review of the elements making up an
Adaline and their operation insofar as they are relevant to the specific
application of the Adaline considered here [Refs. 1, 2]. For this pur-
pose Adaline may be represented by Fig. 3. There are N inputs to Adaline.
These may assume the values +l1 or -1 only. Each input is amplified with
a gain of Ai which is continuously adjustable under the control of the
adaption processor, or adapter. The sum of all the amplified inputs is
formed, which is the "confidence level" for the particular input pattern.
The confidence level, as well as the inputs themselves, are fed into the
adapter, From this information the adapter determines what changes to
make to the gains, This decision making forms the adaption procedure.

The principal adaption procedure used here is the following: a
"desired output" is formed which has the magnitude 1 and the same sign
as the confidence level formed before the adaption. This procedure is
considered a "bootstrap adaption” since no a priori desired output exists.
The error is the difference between the just-formed desired output and
the confidence level. It may be positive or negative. Adaption then
consists of changing all the gains by an amount proportional to the product
of the error and the input to that gain. The constant of proportionality
is 1/32C, in which C 1is a time-constant factor. Thus, the larger the
C the more adaptions will be required to reach a confidence level close
to 1 in magnitude, With C =1 the confidence level of 1 would be
obtained after only one adaption. Here, values for C of 6, 10, and 12
have been used.

As already mentioned, the fraction 1/(1 - |confidence levell) is
considered to be a measure of the probability of an access to the record
to which the pattern corresponds, This fraction can be obtained in an
interrogation which is simply the first part of the adaption, viz., the
summing of the amplified inputs yielding the confidence level.

A different adaption procedure is used only briefly and consists of
adding a fixed increment to each gain equal to the product of the input
and the sign of the confidence level. This increment may be multiplied

SEL-63-135 -6 -
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by a reduction factor to keep the size of the confidence level within
reason, but its size has no other effect. The confidence level is now
used as a measure of probability of access to that record. To avoid
misunderstanding, it should be mentioned that only the experiment result-
ing in Fig. 12 (Chapter V) uses this latter adaption procedure and

probability measure.

INPUTS = + 1

-—

ol o

2 A
z O
3 g? "
£l s ONFIDENCE
s< o +—T b3 Vel
5 ||

|
|

ly o

g An
GAIN SETTING

1 1 1

ADAPTION PROCEDURE = ADAPTER

FIG. 3. SCHEMATIC OF ADALINE BASED ON REFS. 1 AND 2.
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III. METHOD AND PREVIEW OF EXPERIMENTS

All experiments were performed by simulation on the IBM 7090 com-
puter, assuming linear amplifiers for all inputs., Actually, one simulation
was made assuming that the amplifiers would saturate like an arctangent
function. The result was not essentially different from the same simu-
lation assuming linear amplifiers, The program is very time-consuming
and was not considered worth pursuing.

To begin with, a certain probability-of-access function was assumed.
The probabilities were assumed to only two significant figures so that
they could be reproduced exactly in 100 accesses, For the complete file
simulation the probability functions were restricted further as described
under that experiment (Chapter VI). But generally, they were simple
functions often containing pairs of records with equal probabilities to
show whether these were sensed as equal by Adaline. After the number of
accesses (out of 100) to each record is determined, the sequence is
shuffled as follows:

1. Batch the accesses in ascending order by size, smallest batch first,

to form the first sequence. (All accesses to the same record form
a "batch.")

2. Use the top record from the first sequence (for convenience,
designated as A) to form the beginning of a second sequence.

3. Pick the next record (B) from the first sequence and place it on
top of the second sequence, then switch the bottom record so that
it becomes the top record.

4. Transfer the next record (C) from the first sequence to the top of
the second sequence, and again switch the bottom record to the top.

5. Continue alternating records fromthefirst sequence with the bottom
record of the second sequence until there are no records left. In
effect, the new sequence now becomes the old.

6. Repeat steps 1 through 5 three times.

This process results in a fairly random looking sequence, yet it can
be programmed and repeated for any probability function. Every experiment,
unless otherwise stated, was begun with all gains reset to O. This
resetting at least insured repeatability of any experiment, although it

does not represent a realistic situation. The effect of the resetting of

SEL-63-135 -8 -



the gains is, however, believed to be slight after a number of adaptions.
This fact is particularly true since at least 200, and often several
thousand, adaptions were performed on every experiment.

Most experiments were made with random and mutually orthogonal sets
of input patterns. (Patterns are orthogonal if their scalar products
vanish.) With random patterns the indicated probabilities (or output)
are dependent on the selection of the pattern set and on how the patterns
are assigned to the various records. To demonstrate this effect on the
one hand and to avoid it (by averaging) on the other, pattern assignments
were rotated. Rotation of pattern assignment is simply advancing every
pattern so that it is now assigned to the succeeding record. The last
pattern thus becomes assigned to the first record. After No rotations,
where No is the number of different records and patterns, the original
assignments are restored. In most of the experiments, complete assignment
rotation was performed.

In order to describe Adaline's accuracy in detecting probabilities
in these experiments, the given (i.e., the actual) probabilities may be
compared with the output of Adaline. This comparison can be in the form
of an actual plot of the probability function after every 5, 10, or 25
adaptions and comparing these graphs with the graph of the given function.
These graphs are shown on the left side of Fig. 4. It is, however, very
tedious to plot these functions and it is often difficult to compare them
when there are many or if they cannot be shown adjacent to one another,
The correlation coefficient between the given and the output probability
functions is as good as any single figure of merit, It is shown along-
side the probability functions in Fig. 4. (These graphs were taken from
the first 30 adaptions on 10 random patterns.) To get a better feel for
the significance of the correlation coefficient, a number of fictitious
output functions are plotted in Fig. 5 with a given-probability-function
graph. The correlation coefficients range from +0.994 to -1.000 in this
case, Most of the more complicated experiments are described by the

associated correlation coefficients only,

-9 - SEL-63-135
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Basically, three types of experiments were performed: static and
dynamic adaptions and file simulation., An attempt is made to describe
the behavior of the Adaline output with regard to the following:

1. Differences between orthogonal and random patterns,
2, Effect of the time-constant factor,

3. Effect of the number of patterns for a given number of Adaline
inputs.

4, Effect of the size of the discrepancy between adjacent record
probabilities on the accuracy of the output,

In the dynamic experiments the following additional information was
sought:
5. Effect of change in probability function on recovery.
6. Behavior under repeated changes of probability function,
File simulation consisted of just one experiment that included many
of the above aspects, plus an overall effectiveness measure as far as

seek-time improvement is concerned.
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IV. STATIC BEHAVIOR

Figures 6 and 7 show the input probability functions and output
functions with orthogonal and random patterns respectively. Since the
given probability function is truly represented only after 100 recordé
or patterns have been adapted, one would not expect the input function
to be reproduced by the output with any fidelity until after 100 adap-
tions, As is evident from the graphs, the output after 100 adaptions
in the case of the orthogonal patterns is a faithful reproduction of
the given function. In the random case there is evidence of gross error
in pattern 4. This effect is due to the confidence level for that pat-
tern being influenced by one other pattern or a combination of several
other patterns. This type of 'cross adaption" will be discussed in more
detail in Chapter VII., It will be shown that the correction vector,
which is added to the gain vector in an adaption, is parallel to the
pattern vector on which the model is adapting. The confidence level is
the scalar product of the gain vector and the pattern vector. Thus it
is evident that adaption on one pattern will not affect the confidence
level of another pattern that is orthogonal to the first one. Onme
therefore would expect the "exact" reproduction of the input probabili-
ties as shown in the bottom graph of Fig. 6.

Figure 8 summarizes the results of seven experiments investigating
effects of gross differences in the probabilities of the input prob-
ability function. To start with, record 10 has a probability of 0.79,
and record 9 has probability 0.06, and each successively lower record
number has a probability 0.01 less than the preceding one. The 10 pat-
terns are random patterns and pattern assignments were rotated completely
so that each pattern was assigned to each record once., Output prob-
abilities were determined by interrogation of Adaline after 100 and 200
adaptions. This procedure then resulted in 20 sets of output probabili-
ties., These sets were averaged, with the results as shown in Fig. 8.

In the succeeding experiments the probability of record 10 was
reduced in steps of 0.09, and the remaining probabilities all increased
by 0.01. The patterns remained the same throughout. The fidelity of
the output remained excellent to the last experiment in which the two

- 13 - SEL-63-13%



largest input probabilities were 0.25 and 0.12, This fidelity is an
indication of successful operation where relatively large discrepancies
in input probabilities exist, which after all are the situations of
greatest interest because only in these cases can some improvement in
access time be expected.

Summarizing, static behavior demonstrates Adaline's ability to
reproduce exactly the input probabilities in the case of orthogonal pat-

terns and nearly so, on the average, for random patterns.
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V. DYNAMIC BEHAVIOR

The first dynamic experiment was an adaption to a flat probability
function after Adaline had already been adapted 1000 times to the prob-
ability function shown in the first diagram of Fig. 9. The output
probability function is shown directly below. The output functions
resulting after the change are reproduced for every 100 adaptions. This
experiment was done with orthogonal patterns and must be considered one
of the more difficult adaptions because of the absolutely flat input.
Adaption was slow, but after 1100 adaptions the output approached a flat
function. The logarithmic scale for the 12 output diagrams is the same
but was not converted to "probability" dimension, i.e., the sum of the
ordinates is not 1.

The remaining dynamic experiments are described by changes in cor-
relation coefficient between the input function and the output. It
would then be expected that a meaningful measure could be obtained only
every 100 adaptions, because only then are the input probabilities
coincident with the actual pattern frequencies. In the case of simple
input functions, actual frequency distributions resembling the input
functions are reached after only a dozen or so adaptions because of the
effective scrambling of record sequences, It was therefore considered
worthwhile in some experiments to show the correlation coefficient for
every ten adaptions. The six plots of Fig. 10 each relate to behavior
after a single change in input probability function to the inverse
functions.

In Figs. 10a and 10b, ten random patterns were used and the dif-
ference between the two figures is only the time-constant factor, which
is 12 for Fig. 10a and 6 for Fig. 10b, Adaption to the new input is not
too good in either case, probably because of an unfortunate choice of
the pattern set. For random patterns good reproduction of the input can
be expected only in a statistical sense and not necessarily for every
pattern set in a single experiment, Similar comments are in order for
a comparison of Figs. 10b and 10c, which differ only in the number of
patterns employed. It is impossible, however, to produce exactly the

SEL-63-135 -18 -



same input probability function for 24 patterns as for 10. The 24 pat-
terns selected include the 10 used in the preceding experiment, It is
evident that adaption to both the originui input function as well as to
the inverse function is slower for the larger number of patterns, as
would be expected.

The next three experiments are a repetition of the preceding three
except that they were performed with orthogonal patterns. Figures 10d
and 10e show the effect of change in time-constant factor. The effect
is small and it would appear that a time-constant factor of 12 gives a
somewhat better correlation coefficient. Since in an actual application
the time-constant factor would have to be chosen for the particular
dynamic conditions prevailing, in this case 12 would be the preferred
choice. It is interesting that in both experiments the correlation
coefficient shows a very sudden change from a large negative value to a
large positive value exactly 100 adaptions after the change in input
functions. This sudden change indicates that adaption to the existing
frequency distribution is fairly complete at some time prior to the
100th adaption after the change, and when the existing frequency dis-
tribution suddenly coincides with the given input-function, correlation
becomes very good suddenly. This argument also explains the fairly
rapid change but not the step at the 200th adaption. Examination of the
output at that point reveals that it is a completely flat function,
unfortunately producing a large correlation coefficient with the input
function, which is approximately a straight line. This finding points
up one of the shortcomings of the correlation-coefficient presentation.

Figures 10e and 10f again show the effect of an increase in the
number of patterns, which results in definitely slower adaptions. The
step has disappeared because of the incomplete adaption near the 200th
adaption. Again comparisons of these two experiments should not be
carried too far because of the differences introduced by the change in
the input function and the addition of new patterns to make up 24. This
latter effect would not be as drastic as in the case of random patterns,

however, because orthogonality cross effects are not present in adaption.
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ADALINE OUTPUT AFTER NUMBER OF ADAPTIONS INDICATED ON FUNCTION NO. 2
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The following experiments were conducted over a much larger number
of adaptions and the correlation coefficient was evaluated every 100
adaptions only. The patterns were orthogonal, Figure 11 shows behavior
for approximately 1000 adaptions before and after a change in input
function., First, changes from the same original input function to four
different functions are shown and then four consecutive changes after
approximately 1000 adaptions are shown., One of the slowest adaptions
after the change is the change to the inverse function that was shown in
the preceding experiments. Here, however, the adaption was even slower
because it was preceded by 1000 adaptions on the original input function.
As would be expected, speed of adaption is largely influenced by the
severity of the change in input function. The fastest recovery occurred
after the 3100th adaption, which involved a fairly mild change in input
function.

Figure 12 shows experiments made with the alternate adaption pro-
cedure, in which a fixed correction was made to the confidence level by
adding to the gain vector a vector that was proportional to the input-
pattern vector. First, a change to the inverse function was made; there
was only a small indication of a recovery of the correlation coefficient
after 1000 adaptions. Next, a change to an almost flat function showed
no trend of recovery. The third change was back to the original input
function, which showed good recovery because Adaline was essentially
still adapted to that original input.

With this adaption procedure, the confidence level becomes so large
that it is difficult to change it rapidly thereafter. As is evident
from the first 1000 adaptions, however, adaption was exact and complete
after 100 adaptions on the original functions (with orthogonal patterns).
For a static situation or for very gradually changing dynamic processes,
this procedure would be desirable.
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Vi. FILE SIMULATION

To obtain a better idea of how effective the proposed application
of Adaline to a file would be, a complete simulation of a small file
was undertaken, including the rearrangement of records in the file and
an evaluation of the resultant improvement in average seek time.

Six different input probability functions were constructed. These
approximated one-sided normal distributions with 35 to 85 percent of the
total activity concentrated in 20 percent of the records. The resulting
functions are plotted along the bottom of Fig. 13. These are discrete
functions for ten records, which was the total for this file. It was
next necessary to have a realistic function representing variation of
seek time with record location, There are ten record locations numbered
1 to 10. Seek time (in milliseconds) as a function of record number is
shown in Fig. 14, assuming a home position one unit of distance removed
from the first record position and all records equidistant, This
assumption corresponds to every record in a separate track and seek time
proportional to the square root of distance, which is realistic for a
bang-bang type of actuator having equal acceleration and deceleration.
The actual magnitudes of the seek times serve only to establish a refer-
ence for comparison.

With these two assumptions, the best-possible and the worst-possible
average seek times were determined. The first would occur when records
1 through 10 happened to be located in locations 1 through 10 respectively.
The worst situation would require the reverse order. These seek times
were plotted in Fig, 13 vs input probability functions.

Six sets of ten random patterns were next assembled, The file
simulation for this case is performed as follows:

1. Pick the first set of ten patterns. Assign these to records 1
through 10. Use the first input probability function.

2., Make 200 adaptions and interrogate after every 100 adaptions to
establish two output probability functions.

3. Sort the ten records in order of decreasing probability as given
by the output probability function.
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4. Compute the average seek time with this new arrangement of records.

5, Step the pattern assignment and repeat items 1 through 4 a total
of ten times.

6. Pick the next set of ten patterns and repeat steps 1 through 5 a
total of six times.

7. Average the average seek times to get a probable improvement in
seek time.

8. Repeat steps 1 through 7 for all six input probability functions.

The results of this simulation are shown in Fig. 13, Plotted vs
input function are: the worst average seek times encountered after sort-
ing the records as indicated by the Adaline output after both the first
and second 100 adaptions. This plot shows the worst operation using
Adaline and compares favorably with the worst operation not using Adaline,
which is termed "worst possible average seek time." It also compares
favorably with the average or expected operation without Adaline. The
best operation with Adaline was plotted which, for all practical purposes,
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coincides with the best possible operation in all cases. The average or
expected operation with Adaline is also shown and is almost as good as
the best possible operation and substantially superior to the expected
operation without Adaline, Improvements in expected average seek time
with Adaline over operation without Adaline are as high as 42 percent,
Of course, where the input function is fairly flat, improvements are
small because the possible improvements to be made are limited, The
important conclusion to be derived from this simulation of the file as
a whole is that the range of average seek times that can be obtained
with the use of Adaline is close to the best operation possible., Further-
more, the average of this range is even closer to the best possible opera-
tion than the midpoint of the range.

Some clues will be pointed out in Chapter VII which may explain why

the operation is statistically this good, even with random patterns.
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VII., CROSS EFFECTS IN ADAPTION WITH RANDOM PATTERNS

How can the effect of adaption toward one pattern on the confidence
level of another pattern be measured?

Consider the patterns and gains as vectors in an N-dimensional
space. The pattern vectors thus end at the corners of an N-dimensional
cube and their lengths are equal to the square root of N,

As mentioned in Chapter I, the confidence level is formed as the
sum of the products of input pattern elements and the corresponding
gains, The confidence level, in vector terms, is then the scalar prod-
uct of the gain vector and the pattern vector. In the adaption procedure
the correction added to the gains is proportional to the error (a scalar)
with the sign of the corresponding pattern element, Considered in the
N-dimensional space, the correction is a vector parallel to the pattern
vector on which adaption is being made., The change in confidence level
of another input pattern is, therefore, the scalar product of the cor-
rection vector and that input pattern vector; or, the change of the con-
fidence level of another input pattern is proportional to the scalar
product of the two pattern vectors. Since the length of the pattern
vectors 1is vﬁf , 8 good measure of this cross effect would be the scalar
product divided by N (which is the cosine of the angle between the
two pattern vectors). This can be called the "cross-effect factor."

An estimate of an average value of this factor for any dimension
can be obtained by first looking qualitatively at the two- and three-
dimensional space. In the two-dimensional case, there are only three
pattern vectors in addition to the one under adaption. One pattern
vector is the equal and opposite of the latter, which will be the case
in any dimension; the other two are orthogonal to it. In other words,
two of the three additional pattern vectors are orthogonal to the pat-
tern vector being adapted on. Now, in three-dimensional space, all the
pattern vectors end in the corners of a cube. Consider the cube tilted
80 that the diagonal that contains the adapted-on vector becomes
vertical. It then appears that all the pattern vectors not on that
diagonal are "not too far" from a horizontal plane through the center
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of the cube. This observation is, perhaps, an indication that the con-
figuration will turn out similarly in higher dimensional cases and the
average scalar product will be much less than N,

Now look at the probable magnitude of this scalar product in N-
dimensional space. There are (N + 1) possible values of this scalar
product, including the product with itself, which is included for sym-
metry and because the final form of the average magnitude assumes a
neater form. The actual value of the average magnitude is barely
affected by this inclusion for higher dimensions, The (N + 1) values
represent the case where: (1) all the elements are the same, (2) one
element is different, (3) two are different, and so on down to all
elements being different., Let i denote the number of elements that

are different; then i ranges from 0 to N, Let

p = probability that any two elements being multiplied in the scalar
product are the same = 0.5
q = probability that they are different = 0.5

Let the pattern vectors be
A(al, 8y, 85, 84, 8g, ..o, aN)
and
Y(yy, Yy Ygu Yo Vgo cos Yy)
Then the scalar product
A Y= ay + 8,Y, + aay3 + .. + 'NyN

And for any 1 the scalar products and their probabjilities are tabulated
as follows:
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i A Y Probability

o - N o =2V
1 N -2 Nep'log=no2¥
2 N -4 N-(N-l)/zoz'N

(it NNézeven) 0 (Nr;z) . 2™

Or, dividing the magnitude of the scalar product by N gives the

probability of (N - 21)/N occurring as being(f) . 27N

This expression is plotted for N=2 and N =95 1in Fig. 15, and for

N = 32 in Fig. 16. The fact that the mean is equal to O assures that,
if Adaline adapts on a large number of patterns, the effect on some other
pattern is going to be small, If Adaline adapts many times on only a
few or on only one pattern, what would the effect be on another pattern?

If Adaline adapts to a desired output of +1 or -1 and makes many adaptions
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on the same input pattern with a time-constant fact C > 1, the correc-
tion vector will decrease in magnitude and the cross effect will diminish
accordingly. It is still desired to know a measure of the likelihood of
the cross-effect factor approaching 1. The mean of the absolute value of
the cross-effect factor or the median of the absolute value will shed some
light on that question. First, consider the mean of the absolute value or
mean magnitude (MM) or first moment of the absolute value of the probabil-
ity function. The mean magnitude is indicated in Figs. 15 and 16,

IN - !
MM = sum of (probabilities X -!—irgl-

[ () -]

If N = even,

o - v
(N/2)-1
= l . -N . N . ( - )
ML = oo 2 z. 2. (1) N - 2i
(N/2)-1 (N/2)-1
2N N L N
=5 4 g (1) (N -1) - 2N ; (1)

where

- 37 - SEL-63-135



i=0 i=0
No
N-1
N-1 N-1
i=0
has N terms if N = and
(n/2)-1
N-1 1 N-1 N-2
Y ()3
i=0

since it contains N/2 terms of the above expression and

3 >MCES GRARERES

because the left-hand side equals twice the first N/2 terms of

- (]
T
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wvhich by Stirling's formula:

. Pl . (2nx) /2 c o2
ST 2 g, (N")M N

For N = 32,

MME = 0,141 Quite small!
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1=0 %=0

where (f),(n 1) =N (N;l)

,N (N-1)/2 (N_l) . (Ni):/z (N)

i
i=0 i=0

e () e (- 7)

2 ¥ . 2 ((Nf_‘;; /2) _ ,-(N-1) ((le;;/z)

which is equal to the next lower HHE. (This result is exact, before

N
‘
™M

]
[~
'S
L ]
|

applying Stirling's formula.) In other words,
MIIO(N)=INE(N-1)

This mean magnitude was plotted vs N in Fig, 17 for both even and odd
N's, The median of the magnitude was also computed and plotted in the
same figure, Generally the median is even smaller than the mean, which
is true for N = 32 as shown in Fig, 16. In this case we have a prob-
ability of 0,5 that the effect of adaption on one pattern is going to
affect another confidence level by less than 12,5 percent of the correction
made.

It is realized that the above discussion has omitted the effect of
the "bootstrap" mode of picking the desired output, It is not immediately
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obvious whether or not that mode would reduce the cross-effect mean even
further.

0.4 WMo (MEAN MAGNITUDE FOR N - ODD)

Midg (MEAN MAGNITUDE FOR N EVEN)

MEDIAN MAGNITUDE

MEAN AND MEDIAN MAGNITUDES

[ A]

FIG. 17. MEAN MAGNITUDE OF CROSS-EFFECT COEFFICIENT.
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VIII. CONCLUSION

The small size of the mean and median magnitudes of the cross-effect
factor explains to some extent the successful operation with the use of
Adaline in the file-simulation experiment, even with random patterns.

It should therefore be possible, with some simple algorithm, to construct
the patterns assigned to a record from the identification portion of the
record or from the record information directly. For best operation this
algorithm should result in a unique pattern being assigned to each record,
but this is not absolutely necessary.

The above results may be applied to a more general problem, where it
is desired to get a comparative measure of the frequency of occurrence of
a number of events as in Fig. 1. The file simulation has demonstrated
the feasibility of using Adaline by assigning random patterns to each
event that is to be counted, and proceeding as indicated in Fig. 1.
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Boulder Labs

Central Radio Propagation Lab,

Boulder, Colorado

Attn: Miss J.V. Lincoln, Chief
RWSS

2

N8Y, Engineering Section
Washingten, D.C.

I

Information Retrieval Section
Federal Aviation Agency
Washington, D.C.

Attn: M8-113, Library Branch

-

DDC
Cameron Station
Alexandris 4, Ve,
30 Attnt TISIA
U.8, Coast Quard
1300 E, Street, N.W,
Washington 28, D.C.
Attn: BEE Station 5-8

-

Office of Technical Services
Dept. of Commerce
1 Washington 35, D.C.

Director

Nationsl Security Agency
Port George G. Meads, Md.
Attn: R43

-

NASA, Goddard Space Flight Center

Greenbelt, MNd.

Attn: Code 611, Dr. G.H. Ludwig
Chief, Data Systems Divisions

e

NASA
Office of Adv. Res. & Tech.
Federal Offioce Bldg. 10-8
600 Independence Ave.
Washington, D.C.

1 Atta:  Mr, Peul Johneon

Chiet, U.S., Army Security Agency
Arlingtoa Nall Statiom
2 Arlington 12, Virgiaia

W of Aberdeen
Dept. of Natural Philoscphy
Narischal College
Aberdeen, Sootland

1 Attas ¥r, R, Y. Jomnes

U of Arisons
KX Dept.
Tecsen, Aris,
1 Attas R.L, Walker
D.J. Bamilten

W of British Colwmbia

Vanoeuver 8§, Camadn
1 Attas Dr. A.C, Sewdack

#Ne AP or Classified Reperts.
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Californis Institute of Technology
Pasedens, Calif,
Attas  Prof, R.W, Gould
Prof, L.M, Tield, EE Dept.
D. Braversan, EE Dept,

California Institute of Technology
4800 Osk Grove Drive

Pasadens 3, Caligf,

Attn: Library, Jet Propulsion Lab,

U, of Californis

Berkeley 4, Calif,

Attng:  Prof, R.M, Saunders, EX Dept,
Dr. R.K. Wakerling,
Radistion lab, Info. Div.,
Bldg. 30, Ra. 101

U of Californis

Los Angeles 24, Calif.

Attn: C.T. leondes, Prof. of
Engineering, Engineering Dept.
R.8, Elliott, Electromagnetics
Div,, College of Engineering

U of California, S8an Diego
School of Science and Engineering
La Jolls, Calif,

Attn: Physics Dept.

Carnegie Institute of Technology
Schenley Park

Pittaburg 19, Pa,

Attn: Dr, E.M, Williams, KE Dept.

Case Institute of Technology
Engineering Design Center
Cleveland §, Ohio

Attn: Dr. J.B. Neswick, Director

Cornell U

Cognitive Bystems Research Program
Ithsoa, N.Y,

Attn: F. Rosenblatt, Hollister Hall

Thayer School of Engr,
Dartmouth College
Hanover, New Nampshire
Attn: John W, Strohbedn
Asst, Professor

Drexel Institute of Technology
Philadelphis 4, Pa,
Atta: 7.3, Maynes, KX Dept.

U of Florida

Engineering Bldg., Ru, 336
Gainsville, Pla,

Attns M.J, Wiggins, ER Dept,

Georgia Institute of Technology
Atlanta 13, Ga,

Attas Mrs, J.R, Crosland, Librarian
7. Dizon, Engr,.Experiment Station

Marvard U

Pleroe M1l

Canbridge 38, Nass.

Attas; Dean K. Brooks, Div of Engr. and
Appliied Physios, Bm, 317
2, Parkas, Libearism, Rm, 3034,
Tech, Reports Cellection

U of Mewail

Nowslulu 14, Mewait

Atta:  Asst, Prof, K. Najita, EX Dept,

U of 1llimote

Urbaas, 111,

Atta: P.D, Colemsa, ER Res. lab,
¥, Perkins, ER Res. lab,
A, Adbert, Tech,Bd,,BE Res, Lad,
Lidbrary Serisls Dept,
Pret.D.Alpert ,Coordinated Sci.lab,

-

-

-

-

1 Attas

#Instituto de Peaquisas da Marinha
Ministerio da Marinhs

Rio de Janeiro

Estedo ds Guansbars, Brasil

Attn: Roberto B, da Costa

Johns “Hopkins U

Charles and 34th St,

Baltimore 18, Md,

Attn: Librarian, Carlyle Barton Lab,

Johns Hopkins U

8621 Georgia Ave,

Silver Spring, Md,

Attnt  N,H. Choksy
Mr, AW, Nagy, Applied
Physics Lab,

Linfield Research Institute
Mcinnville, Ore,
Attn: G.N, Hickok, Director

Marquette University

College of Engineering

1518 W, Wisconsin Ave.
Milwaukee 3, Wis,

A.C. Moeller, EE Dept,

KIT
Canbridge 39, Mass.

1 Attn: Res. Lab, of Elec., Doc.Rm.
1 Miss A, Sils, Libn.Rm 4-244,
LIR
1 Mr, J.E, Ward, Elec.8ys,lab,
MIT
Lincoln Laboratory
P.O, Box 73
1 Attn: Lexington 73, Mass.
1 Navy Representative
1 Dr, W.I. Wells
1 Kenneth 1, Jordon, Jr,
U of Michigan
Ann Arbor, Mich,
1 Attn: Dir,, Cooley Blec. Labs.,
N, Campus
1 Dr, J.E. Rowe,Elec.Phys.Lab,
1 Comm, Sci,lab,,180 Frieze Bldg.
U of Michigan

-

-

-

-

Institute of Science and Technology
P.O. Box 618
Ann Arbor, Mich,
Attn:  Tech. Documents Service
¥, Wolfe==IRIA==

U of Minnesota

Institute of Technology

Minneapolis 14, Minn,

Attas  Prof. A. Van der Liel,
EX Dept.

U of Nevada

College of Engineering

Reno, Nev,

Atta: Dr, R.A. Manhart, ER Dept.

Northeastern U

The Dodge Library

Boston 15, Mass.

Attu:  Joyce B, Lunde, Libearian

Nortiwestern U

3433 Oakton St,

Bvenstom, 111.

Atta: ¥.8, Toth Aerial
Msasuremeats Lab.

U of Notre Deme
South Bend, Iad,
Atta: K, Nenry, ER Dept.



Ohio State U

2024 Niel Ave.

Columbus 10, Ohio

Attn: Prof, E. M. Boons, EE Dept.

-

Oregon State U
Corvallis, Ore.
Attn:  H.J. Oorthuys, EE Dept,

-

Polytechnic Institute
333 Jay 8¢,
Brooklyn, N.Y,

1 Attn: L. BShaw, EE Dept,

Polytechnic Institute of Brooklyn
Graduate Center, Route 110
Farmingdale, N.Y,

Attn: Librerian

-

Purdue U
Lafayette, Ind,
Attn: Library, EE Dept.

-

Rensselaer Polytechnic Institute
Troy, N.Y.
1 Attn:  Library, Serials Dept.

%Y of Saskatchewan
College of Engineering
Saskatoon, Canada

1 Attn: Prof, R.B. Ludwig

Byracuse U
Syracuse 10, N.Y,
1 Attn: EE Dept.

“Wppsals U

Institute of Physics
Uppsala, Sweden
Attn; Dr. P.A. Tove

-

U of Utah
Salt Lake City, Utah
Attn: R.¥W, Grow, EX Dept.

-

U of Virginia
Charlotteaville, Va.
Attn: J.C. Wyllie,Alderman Library

-

U of Washington
Seattle 5, Wash,
1 Attn: A.R. Marrison, KK Dept.

Worchester Polytechnic Inst.
Worchester, Masa,
1 Attn: Dr. .M. Newell

Yale U
New Haven, Conn,
1 Attn: Sloane Physics lab.
1 EE Dept.
1 Dunham Labd. ,Engr. Libeary

INDUSTRIRS

Aveo Corp,
Res. Lab,
3385 Revere Beach Parkway
Everett 49, Mass,
1 Atta:  Dr. Gurdom Abell

Argoane National lab.
9700 South Cass

Argonne, 111.
1 Atta: Dr, 0.C. Simpson

Admiral Corp.
3800 Cortland St,
Chicago 47, 111,
1 Atta: E.N. Roberstom, Librarian

Atrborse Instruments Lab.

Comac Rosd

Deer Park, Long Island, N.Y,
1 Attae

#No AP or Classified Reports.

J. Dyer, Vice-Pres.ATech.Dir.1 Atta:

Amperex Corp.

230 Duffy Ave.

Hicksville, Long Island, K.Y,
Attn: Proj.Engineer, 8. Barbasso

-

Autonetics

Div, of North American Aviation, Inc.

9150 E. Imperial Highway
Downey, Calif.
Attn: Tech. Library 3040-3

-

Bell Telephone Labs.

Murray Hill Lab.

Murray Hil1, N.J.

Attn: Dr, J.R, Pierce
Dr. 8. Darlington
Mr. A.J. Grossman

g

Bell Telephone lLabs., Inc.
Technical Informstion Library
Whippany, N.J,
1 Attnt Tech. Repts. Libran.,
Whippany Lab.

#Central Electronics Engineering
Research Institute

Pilani, Rajasthan, India

Attn:

-

Columbia Radiation Lab.
538 Weat 120th 8t.
New York, New York

-

Convair - San Diego

Div, of General Dynamics Corp.
San Diego 12, Calif,

Attn: Engineering Library

-

Cook Research Labs.
6401 ¥, Oakton St.
Attn: Morton Grove, I1l.

-

Carnell Aeronautical labs., Inc.
4455 Genessee

Buffalo 21, N.Y.

Attn: Library

-

Eitel-McCullough, Inc,
301 Industrial Way

San Carlos, Calif.

Attn: Research Librarian

-

Bwan Knight Corp.
Bast Natick, Mass.
Attn: Library

-

Fairchild Semiconductor Corp.
4001 Junipero Serra Blvd.
Palo Alto, Calif.

Attn: Dr. V.M, Grinich

-

General Electric Co,

Defense RBlectronics Div., LMED

Cornell University, Ithaca, N.Y

Attn:  Library = Via: Commander,
ASD W= ATB, Ohio, ASRNOW
D.E. Lewis

General Electric TVT Products Sec.
001 California Ave.

Palo Alto, Calif,

Attn: Tech. Libesry, C.G, Lob

-

General Rlectric Co. Res. Lad
P.0. Box 1008
Schaectady, N.Y,
Attn: Dr. P.N, Lewis
R.L. Shuey, Ngr. Iafo.
Studies Sec,

-

General Electric Co,
Rlectronics Park

Bldg. 3, Rm. 143-1

Syracuse, N.Y,

Doc. Library, Y. Burke

Om P. Gandhi - Via: ONR/London

-

-

-

-

-

™

>

-

-

-

-

[

-

1
1

Gilfillan Brothers
1815 Venice Blvd.
Los Angeles, Calif,
Attnt Engr. Libravy

The Hallicrafters Co.
Sth and Kostner Ave.
Attnt Chicago 34, 111,

Hewlett-Packard Co.
1501 Puge Mill Road
Attn: Palo Alto, Calif,

Hughes Aircraft
Malibu Beach, Calif,
Attn: Mr. lams

Hughes Aircraft Ct,

Florence at Teale St.

Culver City, Calif,

Attn: Tech.Doc.Cen,, Bldg 8,
Rm, C3048

Hughes Atrcraft Co,

P.O. Box 278

Newport Beach, Calif.

Attnt Library, Semiconductor Div,

IBM, Box 390, Boardman Road

Poughkeepsie, N.Y,
Attn: J.C. Logue, Data Systems Div,

1B, Poughkeepsie, N.Y,
Attn: Product Dev.Lab.,K.M. Davis

IBM ASD and Research Library
Monterey and Cottle Roads

8an Jose, Calif,

Attn: Miss M. Griffin, Bldg.0328

ITT Federal labs.

500 Washington Ave.

Mutley 10, N.J.

Attn: MNr. B, Mount, Librarian

Laboratory for Electronics, Inc,
1075 Commonwealth Ave.

Boston 15, Mass.

Attn: Library

LEL, Inc.

78 Akron Bt.

Copiague, Long Island, N.Y.
Attns Mr. R.85. Mautner

Lenkurt Electric Co.
san Carlos, Calif,
Attn: K.L, Waller, Librarian

Librasocope

Div. of Gemeral Precision, Inc,
808 Western Ave.

Glendale 1, Calif,

Attn: Engr. Library

Lookheed Missiles and Space Div,

P.0. Box 504, Bldg. 534

Sunayvale, Calif.

Attt Dr, W.N, Narris, Dept.87-30
Q.¥. Price, Dept. 67-3)

Helpar, iac,

3000 Ariington Blvd.
Falls Church, Va.
Atta:  Librarian

Nicrowave Asseciates, Inc.

Northwest Industrial Park

BSurliagton, Ness.

Atta; K, Nortemson
Librarian
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Microwave Electronics Corp.
4081 Transport St.
Palo Alto, Calif.
Attn: S.F, Kaisel
M.C. Long

-

Minneapolis=Honeywell Regulstor Co.
1177 Blue Heron Blvd.

Riviers Beach, Fla.

Attng

-

Monsanto Ressarch Corp.
Station B, Box 8
Dayton 7, Ohio

Attn: Mrs. D. Crabtree

-

Monssnto Chemical Co.

800 N, Linbergh Blvd.

8t. Louis 86, Mo.

Attn: Mr. ‘B, Orban, Mgr. Inorganic
Dev.

-

#Dir,, National Physical Lab.
Hilside Road
New Delhi 13, Indis
1 Attn: 8.C. Sharma - Via:
OMR /London

#Northern Electric Co., latd.
Research and Development Labs.
P.0. Box 3511, Station "C"
Ottswa, Ontario, Canada
Attn: J.F. Tatlock

Via: ASD, Foreign Release
Office
W-P AFB, Ohio
Mr. J. Troysl (ASYP)

-

Northronics

Palo Verdes Research Park
6101 Crest Road

Palos Verdes Estates, Cslif.
Attn: Tech. Info. Center

-

Pacific Semiconductors, lmc.
14320 So. Aviation Blvd,
Lawndale, Calif.

Attn: 11.Q. North

[

Philco Corp.

Tech, Rep. Diviaion

P.O. Box 4730

Philadelphia 34, Ps.

Attn; PF.R, Sherman, Mgr. Editor

%

Philco Corp.
Jolly and Union Meeting Roads
Blue Bell, Pa.
Attn: C.T. McCoy
Dr. J.R. Feldmejer

R

Polarad Electronics Corp.
43-230 Thirty-Pourth $t.

long Island City 1, N.Y,
Attn: A.N. Sonmeaschein

-

Radio Corp. of America

RCA Labs., David Sarmoff Res. Cen.
Princeton, N.J.

Attns  Dr, J. Sklamsky

RCA Labe., Princeton, N.J.
Atta: N. Johmson

-

RCA, Missile Elec. aad Controls Dept.

Woburn, Mass.
Attat Libeary

The Rand Corp.
1700 Wain St
Santa Monios, Calif,
1 Attat  Nelea J. Waldrom, Lidesrias
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Semiconductor Products Library

Rsytheon Manufacturing Co.
Microwave and Power Tube Div.
Burlington, Mass.

Attn: Librarian, Spencer Lab.

-

Reytheon Manufacturing Co.

Res. Div,, 28 Seyon St,

Waltham, Mass.

Attn: Dr, H. Stats
Mrs, M. Bennett, Librarian
Research Div, Library

-

Roger ¥hite Electron Devices, Inc.
Tall Oaks Road
Laurel Hedges, Stamford, Conn,

-

Sandia Corp.
Sandia Base, Albuquerque, N.M.
Attn: Mrs, B.R, Allen, Librarian

-

Sperry Rand Corp.
Sperry Electron Tube Div,
Gainesville, Fla.

-

Sperry Gyroscope Co.

Div. of Sperry Rand Corp.
Great Neck, N.Y,

Attn: L. Swern (MS3T105)

-

Sperry Gyroscope Co.
Engineering Library

Mail Station F-7

Great Neck, Long Island, N.Y.
Attn: K, Barney, Engr. Dept.

-

Sperry Microwave Electronics
Clearwater, Fla.
Attn: J.E. Pippin, Res. Sec.

-

Head

Sylvania Electric Products, Inc.
500 Evelyn Ave.
1 Mt, View, Calif,

Sylvania Electronics Systems

100 First Ave.

Waltham 54, Mass.

Attn: Librarian, Waltham Labs,
Mr. E.E. Mollis

-

Technical Research Group

1 Syosett, L.1., N.Y.
Texas Instruments, Inc,
Semi tor=Cowp ts Div.
P.O, Box 208
Dallas 23, Tex.
Attn: Library

»N -

Dr. W. Adcock

Texaa Instruments, Inc.

P.O. Box 0013

Dallas 23, Tex.

Attn: N.E. Chun, Apparatus Div.

-

Texas Instruments
9017 £, Calle Tuberia
Phoenix, Arizons
Attn:  R.L. Pritchard

Texas Instruments, Inc.

Corporate Research and Engineering
Technical Reportis Service

P.0. Box 3474

Atta: Dalles 32, Tex

-

Tektronix, Inmc.
P.0. Box 500

Seavertos, Ore.
Attns

-

Variaa Associates
€11 Mnagen Way
Palo Alto, Calif.

1 Atta: Tech, Library

Dr. J.7. Delord, Dir. of Research

™

-

-

-

-

Weitermann Electronics
4549 North 38th St.
Milwaukee 8, Wisconsin

Westinghouse Klectric Corp.

Friendship International Airport

Box 746, Baltimore 3, Md,

Attnt G.R, Kilgore, Mgr. Appl.
Res, Dept. Baltimore Lab,

Westinghouse Electric Corp.
3 Gateway Center
Pittsburgh 22, Ps.

Attn: Dr, G.C. Sziklai

Westinghouse Electric Corp.
P.O. Box 284

Elmirs, N.Y.

Attn: 8.S8. King

Zenith Radio Corp.
6001 Dickens Ave.
Chicago 39, I11,
Attn: J. Markin

#No AF or Classified Reports,



